INTRODUCTION
============

The International Diabetes Federation reported that 366 million people worldwide and 10.67 million Japanese had diabetes in 2011.^[@r01]^ With the rapidly increasing prevalence of this condition globally, the number is predicted to rise to 552 million by 2030.^[@r02]^

Prospective cohort studies reported a lower risk of incident type 2 diabetes among individuals with high levels of cardiorespiratory fitness (CRF).^[@r03]--[@r12]^ Therefore, maintaining higher CRF is an important factor in preventing type 2 diabetes. However, to our knowledge, no epidemiologic studies have quantitatively examined the CRF level needed to prevent future type 2 diabetes.

In March 2013 the Japan Ministry of Health, Labour and Welfare published the "Physical Activity Reference for Health Promotion 2013," which recommends sex-specific and age-group--specific reference CRF values required for good health. The values are based on the results of systematic reviews and meta-analyses of the associations of CRF with noncommunicable diseases (including type 2 diabetes and motor disorders) and death.^[@r13]^ However, the associations between the reference values and incidence of type 2 diabetes have not yet been studied, and the reference values may need to be validated. In addition to physical fitness, there are several risk factors potentially associated with type 2 diabetes, including age,^[@r14]^ obesity,^[@r15]^ smoking,^[@r16]^ drinking,^[@r17]^ and family history.^[@r18]^ A limited number of epidemiologic studies have examined the interactions of these risk factors with CRF, indicating that it is important to evaluate associations between CRF reference values and incidence of type 2 diabetes among individuals with these risk factors.

We used a longitudinal design to examine the associations between reference CRF values recommended in "Physical Activity Reference for Health Promotion 2013" and incidence of type 2 diabetes among Japanese male workers. In addition, we investigated associations of reference CRF values with multiple risk factors for type 2 diabetes.

METHODS
=======

Participants
------------

The participants were employees of Tokyo Gas Company, which supplies natural gas to the Tokyo area. All employees received annual health checkups and completed a health-related questionnaire in accordance with the Industrial Safety and Health Law.

The participants for this study were 5984 male employees aged 20 to 40 years who had participated in the health checkup of 1985. Among these 5984 men, 335 were excluded because they were found at the health checkup to have at least 1 of the following conditions: diabetes (*n* = 102), cardiovascular disease including hypertension (*n* = 228), tuberculosis (*n* = 3), and gastrointestinal disease (*n* = 9). We also excluded 904 men who did not perform or complete a submaximal exercise test, due to orthopedic disease, poor general health, absence from work, or other reasons. In addition, 112 men aged 40 years at baseline were excluded because the presently investigated reference value pertains only to men aged 18 to 39 years. Ultimately, 4633 men were included in the present analysis and were followed until June 1999 for development of type 2 diabetes.

This study was approved by the Ethical Review Board of the National Institute of Health and Nutrition.

Clinical examination
--------------------

The annual health checkup, including measurement of height, body weight, and blood pressure, has been conducted since 1985. Body mass index (BMI) was calculated as weight divided by the height squared (kg/m^2^). Blood pressure was measured by the auscultatory method with a mercury sphygmomanometer; diastolic pressure was recorded when no sound could be heard.

Cigarette smoking, alcohol intake, and family history of diabetes were assessed using a questionnaire administered before the start of the submaximal exercise test.

Cardiorespiratory fitness test
------------------------------

The participants underwent a submaximal exercise test on a cycle ergometer to assess CRF. The exercise test consisted of 2 to 3 progressively increasing 4-minute exercise stages. The initial exercise loads were 98 and 86 watts for participants aged 20 to 29 and 30 to 39 years, respectively. Pedaling rate was kept constant at 50 rpm. Heart rate was calculated from the RR interval on an electrocardiogram, and 85% of the age-predicted maximal heart rate (220 − age \[years\]) was set as the target heart rate. Among all age groups, exercise load was increased by 37 watts for each stage, until heart rates during the course of the exercise reached the target heart rate or until completion of the third stage. On the basis of the exercise rate during the last 1 minute of the final stage completed and the heart rate obtained from the last 10 seconds of exercise, maximal oxygen uptake (VO~2~max) was estimated using the Åstrand-Ryhming nomogram^[@r19]^ and Åstrand age-correction factors.^[@r20]^

The participants were classified into 2 groups based on the CRF reference value in "Physical Activity Reference for Health Promotion 2013"^[@r13]^: those with values less than the reference value (under-RV) group and those with values equal to or greater than the reference value (over-RV) group (Table [1](#tbl01){ref-type="table"}).

###### Reference values for cardiorespiratory fitness for men

                    18--39 years   40--59 years   60--69 years
  ----------------- -------------- -------------- --------------
  VO~2~max (METs)   11.0           10.0           9.0

Abbreviations: MET, metabolic equivalent; VO~2~max, maximal oxygen uptake.

Diagnosis of type 2 diabetes
----------------------------

During 1985--1999, participants were followed for development of type 2 diabetes, which was diagnosed if any of the following 3 diagnostic parameters was noted: (1) a plasma glucose level greater than 200 mg/dl (11.1 mmol/l) at 2 hours on an oral glucose tolerance test (conducted among men with urinary glucose detected at a follow-up annual health checkup), (2) self-reported current therapy with hypoglycemic medication (insulin or oral hypoglycemic agent), when interviewed at the subsequent health checkup, or (3) a fasting plasma glucose greater than 126 mg/dl (7.0 mmol/l). The criterion for fasting plasma glucose level in the diagnosis of type 2 diabetes was based on the diagnostic guidelines of the American Diabetes Association^[@r21]^ and Japan Diabetes Society.^[@r22]^ However, the fasting plasma glucose test has been used only since 1988 among participants aged 35 years and those aged 40 years or older.

Statistical analysis
--------------------

We compared baseline characteristics of participants according to CRF category (under-RV group vs over-RV group) using the unpaired *t*-test for continuous variables and Kruskal-Wallis test for categorical variables, as appropriate. We used Cox proportional hazards models to estimate hazard ratios (HRs) and 95% CIs for incident type 2 diabetes, adjusted for age (continuous variable), BMI (continuous variable), systolic blood pressure (continuous variable), family history of diabetes (present or not), cigarette smoking (nonsmokers, 1--20 cigarettes/day; smokers, ≥21 cigarettes/day), and alcohol intake (nondrinkers, 1--45 g/day; drinkers, ≥46 g/day) in a multivariable model according to CRF category. Family history of diabetes was defined as the known presence of family members with diabetes in any of 3 generations, as determined by self-report on the health questionnaire. Receiver operating characteristic (ROC) analysis was used to identify the optimal cut-off value for VO~2~max in predicting type 2 diabetes. The optimal cut-off value was calculated by determining the shortest distance between the ROC curve and the upper left corner of the graph. A 2-tailed *P* value less than 0.05 was considered statistically significant. All statistical analyses were performed with SPSS Statistics version 20.0 for Windows (IBM Japan, Tokyo, Japan).

RESULTS
=======

The mean age of the participants was 31 years (range, 20--39 years) at baseline. During a median of 14.1 years of follow-up (62 937 person-years), 266 men developed type 2 diabetes. During the follow-up period, a total of 169 participants were censored due to death or retirement.

Table [2](#tbl02){ref-type="table"} shows the baseline characteristics of the participants according to CRF category. Mean VO~2~max was 11.7 metabolic equivalents (METs) (median 11.4 METs). Men in the over-RV group were younger and had lower weight, BMI, systolic blood pressure, and diastolic blood pressure than did those in the under-RV group. The over-RV group also had lower rates of smoking, drinking, and family history of diabetes.

###### Baseline characteristics according to cardiorespiratory fitness category

                                     Under-RV       Over-RV        All            *P* value
  ---------------------------------- -------------- -------------- -------------- -----------
  *n*                                1946           2687           4633            
  VO~2~max (METs)                    9.7 (0.9)      13.2 (1.8)     11.7 (2.3)     \<0.001
  Age (years)                        33 (4)         30 (5)         31 (5)         \<0.001
  Height (cm)                        169.8 (5.4)    169.3 (5.5)    169.5 (5.5)    0.002
  Weight (kg)                        68.8 (8.4)     63.6 (7.4)     65.8 (8.2)     \<0.001
  Body mass index (kg/m^2^)          23.9 (2.6)     22.2 (2.2)     22.9 (2.5)     \<0.001
  Systolic blood pressure (mm Hg)    128.1 (11.4)   123.5 (11.4)   125.4 (11.6)   \<0.001
  Diastolic blood pressure (mm Hg)   75.2 (8.8)     70.8 (8.7)     72.6 (9.0)     \<0.001
  Smokers (%)                        69.8           65.7           67.4           0.003
  Drinkers (%)                       71.4           67.3           69.0           0.003
  Family history of diabetes (%)     24.0           20.1           21.7           0.001

Abbreviations: MET, metabolic equivalent; RV, reference value.

Data are expressed as mean (SD) for variables or as percentages of participants.

The HRs and 95% CIs for incidence of type 2 diabetes, by CRF category, are shown in Table [3](#tbl03){ref-type="table"}. After adjustment for age, systolic blood pressure, cigarette smoking, alcohol intake, and family history of diabetes, the HR (model 1) for the over-RV group was 0.44 (95% CI, 0.34--0.58), when compared with the under-RV group. After further adjustment for BMI (model 2), the HR for type 2 diabetes remained significantly lower for the over-RV group (0.67; 95% CI, 0.51--0.89). Figure [1](#fig01){ref-type="fig"} shows the multivariable-adjusted cumulative incidence curve for type 2 diabetes according to CRF category.

![Multivariable-adjusted cumulative incidence curve for type 2 diabetes according to cardiorespiratory fitness category (adjusted for age, body mass index, systolic blood pressure, cigarette smoking, alcohol intake, and family history of diabetes). RV, reference value.](je-24-025-g001){#fig01}

###### Hazard ratios (HRs) for incident type 2 diabetes according to cardiorespiratory fitness category

  -----------------------------------------------------------------------------------------------------------
  Category    *n*    Person-years of\   No. of\   Age-adjusted\       Model 1^a^\         Model 2^b^\
                     follow-up          cases     HR (95% CI)         HR (95% CI)         HR (95% CI)
  ----------- ------ ------------------ --------- ------------------- ------------------- -------------------
  Under-RV    1946   26 091             183       1.00 (Reference)    1.00 (Reference)    1.00 (Reference)

  Over-RV     2687   36 846             83        0.36 (0.28--0.48)   0.44 (0.34--0.58)   0.67 (0.51--0.89)

  *P* value                                       \<0.001             \<0.001             0.005
  -----------------------------------------------------------------------------------------------------------

Abbreviation: RV, reference value.

^a^Model 1: Adjusted for age, systolic blood pressure, cigarette smoking, alcohol intake, and family history of diabetes.

^b^Model 2: Adjusted for Model 1 covariates plus body mass index.

Figure [2](#fig02){ref-type="fig"} illustrates the results of ROC analysis of the incidence of type 2 diabetes, against baseline VO~2~max levels. The area under the ROC curve was 0.70 (95% CI, 0.66--0.73), and the optimal cut-off value was 10.8 METs (sensitivity, 0.64; specificity, 0.64).

![Receiver operating characteristic curve for incidence of type 2 diabetes against baseline maximal oxygen uptake.](je-24-025-g002){#fig02}

We then investigated HRs and 95% CIs for incident type 2 diabetes according to CRF category in analysis stratified by age (20--29 or 30--39 years), BMI (\<25 or ≥25), cigarette smoking (nonsmokers or smokers), alcohol intake (nondrinkers or drinkers), and family history of diabetes (yes or no) (Table [4](#tbl04){ref-type="table"}). The risk for type 2 diabetes among the over-RV group was significantly lower than in the under-RV group, irrespective of age, BMI, or alcohol intake. Although there was no significant difference in relation to CRF among smokers and men with a family history of diabetes, the results suggest that risk was lower among the over-RV group than among the under-RV group.

###### Hazard ratios (HRs) for incident type 2 diabetes according to cardiorespiratory fitness category in analysis stratified by potential risk factors

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                  *n*    Person-years\   No. of\   Multivariable\               *P* value               *n*    Person-years\   No. of\   Multivariable\      *P* value
                                         of follow-up    cases     HR (95% CI)^a^                                              of follow-up    cases     HR (95% CI)^a^      
  ------------------------------- ------ --------------- --------- ---------------------------- ----------- ----------- ------ --------------- --------- ------------------- -----------
  Age 20--29 years                                                 Age 30--39 years                                                                                          

   Under-RV                       474    6374            37        1.00 (Reference)                          Under-RV   1472   19 717          146       1.00 (Reference)     

   Over-RV                        1114   15 375          17        0.37 (0.20--0.71)            0.003        Over-RV    1573   21 471          66        0.73 (0.54--0.99)   0.045

                                                                                                                                                                             

  Body mass index \< 25                                            Body mass index ≥ 25                                                                                      

   Under-RV                       1354   18 469          76        1.00 (Reference)                          Under-RV   592    7623            107       1.00 (Reference)     

   Over-RV                        2407   33 108          58        0.55 (0.39--0.79)            0.001        Over-RV    280    3738            25        0.57 (0.37--0.89)   0.013

                                                                                                                                                                             

  Nonsmokers                                                                                                Smokers                                                           

   Under-RV                       587    7927            53        1.00 (Reference)                          Under-RV   1359   18 165          130       1.00 (Reference)     

   Over-RV                        922    12 705          23        0.56 (0.33--0.95)            0.030        Over-RV    1765   24 141          60        0.73 (0.52--1.01)   0.056

                                                                                                                                                                             

  Nondrinkers                                                                                               Drinkers                                                          

   Under-RV                       556    7508            36        1.00 (Reference)                          Under-RV   1390   18 583          147       1.00 (Reference)     

   Over-RV                        879    12 079          13        0.45 (0.23--0.89)            0.022        Over-RV    1808   24 767          70        0.73 (0.53--0.99)   0.041

                                                                                                                                                                             

  No family history of diabetes                                    Family history of diabetes                                                                                

   Under-RV                       1479   20 072          89        1.00 (Reference)                          Under-RV   467    6019            94        1.00 (Reference)     

   Over-RV                        2148   29 543          37        0.61 (0.40--0.92)            0.017        Over-RV    539    7303            46        0.71 (0.49--1.05)   0.087
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviation: RV, reference value.

^a^Adjusted for all items in table.

DISCUSSION
==========

In this longitudinal study of Japanese men, we investigated the associations of the CRF reference value in the "Physical Activity Reference for Health Promotion 2013" with incident type 2 diabetes and its potential risk factors.

A total of 266 participants developed type 2 diabetes during the 14 years of follow-up. As compared with the under-RV group, the over-RV group had a significantly (33%) lower HR for type 2 diabetes after adjusting for age, blood pressure, cigarette smoking, alcohol intake, family history of diabetes, and BMI, which suggests that the risk of developing type 2 diabetes is reduced by maintaining a CRF level above the reference values recommended in the "Physical Activity Reference for Health Promotion 2013."

The association between CRF and incident type 2 diabetes has been examined in several prospective cohort studies.^[@r03]--[@r12]^ Lynch et al^[@r10]^ reported an inverse relationship between CRF, as determined by expired gas analysis during a maximal bicycle ergometer test, and incident type 2 diabetes in middle-aged Finnish men. Wei et al^[@r04]^ revealed a significant dose-response relationship between CRF assessed using the modified Balke protocol and incident type 2 diabetes among men younger than 45 years and those aged 45 years or older. Additionally, Carnethon et al^[@r08]^ reported that young men and women (age 18--30 years) with low CRF had a significantly higher risk of developing type 2 diabetes. Consistent with these previous findings, we found that high CRF was associated with lower risk of incident type 2 diabetes among Japanese male employees younger than 40 years. This suggests that the incidence of type 2 diabetes can be reduced by achieving the CRF reference values recommended in "Physical Activity Reference for Health Promotion 2013."

In our ROC analysis, the optimal CRF cut-off value for predicting incident type 2 diabetes was 10.8 METs (sensitivity, 0.64; specificity, 0.64), which is close to the reference CRF value of 11.0 METs (for men aged 18--39 years) recommended in "Physical Activity Reference for Health Promotion 2013." This suggests that the guidelines' reference CRF value for men younger than 40 years may be reasonably valid in the prevention of type 2 diabetes. When used as a cut-off value, the reference CRF value yielded a sensitivity of 0.60 and a specificity of 0.69, indicating that testing---independent of whether the reference CRF value is achieved---predicts incident type 2 diabetes with at least 60% accuracy. In a longitudinal study of men and women aged 18 to 69 years, Katzmarzyk et al^[@r03]^ reported a cut-off value of 11.3 METs (sensitivity, 60.6; specificity, 59.0) for predicting incident type 2 diabetes, based on estimated VO~2~max during a step test (modified Canadian Aerobic Fitness Test). The cut-off value computed in our study was similar to that previously reported value; however, because the present analysis was limited to men aged 20 to 39 years at baseline, additional epidemiologic evidence from more comprehensive, population-specific studies is needed.

In addition to physical fitness, there are several risk factors associated with type 2 diabetes, including age,^[@r14]^ obesity,^[@r15]^ smoking,^[@r16]^ drinking,^[@r17]^ and family history.^[@r18]^ We performed stratified analyses to examine the relationships between observed associations and these risk factors and found that the over-RV group had a significantly lower risk of developing type 2 diabetes than the under-RV group, regardless of age, BMI, or drinking status. In analyses stratified by smoking status, nonsmokers in the over-RV group had a significantly lower HR, whereas smokers in the over-RV group had a tendency toward lower risk of diabetes (*P* = 0.056). Analyses stratified by family history of diabetes revealed that individuals in the over-RV group that had such a history had a nonsignificantly (*P* = 0.087) lower HR for type 2 diabetes, in contrast to individuals in the over-RV group without such a history, for whom the HR was significant (HR: 0.71 and 0.61, respectively). In a prospective cohort study,^[@r06]^ a combined analysis of parental history of diabetes and CRF showed that individuals with high CRF, even including the children of 2 diabetic parents, had a lower risk of incident type 2 diabetes than did those with low CRF. Although the presence of a family history of diabetes is a strong, unmodifiable risk factor for the development of diabetes, present and previous findings suggest that the risk of developing type 2 diabetes can be reduced by maintaining high CRF.

This study has several limitations. First, the participants were relatively young (20--39 years) healthy male workers, so it is unclear whether the observed associations are present among men aged 40 years or older and women. However, several studies found an inverse relationship between CRF level and development of type 2 diabetes among women and older middle-aged men.^[@r04],[@r10],[@r12]^ We plan to examine the validity of the CRF reference value for these populations in a future study. Second, CRF was estimated in this study from heart rate during submaximal exercise using the Åstrand-Ryhming nomogram. However, Teräslinna et al^[@r23]^ reported a correlation coefficient of 0.92 between estimated (using the same procedures as ours) and directly measured CRF values. Thus, we assume that the estimated values used in this study as a measure of whole-body endurance capacity are sufficiently accurate. Finally, CRF was based on data obtained at the baseline examination, and possible changes in CRF during the follow-up period were not considered.

In conclusion, the reference CRF values appear to be reasonably valid for prevention of type 2 diabetes, especially among Japanese men younger than 40 years. Development of type 2 diabetes can be prevented by maintaining a CRF level above the reference values recommended in "Physical Activity Reference for Health Promotion 2013."
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